A retrospective study has been made to assess the value of specific protein analysis in a routine laboratory. The use of cellulose acetate electrophoresis, immunoelectrophoresis, and single radial immunodiffusion has been discussed with reference to the source of the request for the investigation and the yield of abnormal results. A scheme for the investigation of abnormal proteins is presented with a discussion of the problem of diagnosing myeloma as distinct from identifying an abnormal protein. The occurrence of double-zones on Tri-Partigen plates (Hoechst Pharm.) may be an early indication of myeloma, but does occur in other conditions. Levels of immunoglobulins in the geriatric age group have been shown to be similar to that of non-geriatric adults. Specific protein analysis has been shown to be of limited value in rheumatoid arthritis.
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PROCEDURE
All sera referred by a clinician for immunochemical studies were first assayed for total protein and electrophoresed on cellulose acetate. These sera were then routinely immunoelectrophoresed on agar according to the scheme shown in Table 1 . (Antisera were purchased from Hoechst Pharmaceuticals.) If the findings were still negative but myeloma was clinically highly possible, a further electrophoresis and immunodiffusion was performed against Schain specific, rabbit antisera to minimise the possibility of missing an abnormal IgD. Quantitation of The introduction of fast analysis systems, such as the SMA 12/60·, Vickers M300t, and ENI GEM-SAEC~, has provided a partial solution to the heavy workloads of the larger chemical pathology laboratories. Such systems have, in turn, raised further problems and one such problem is that of the routine analysis of serum proteins.
The study to be described was carried out at a group laboratory serving a total of 14 hospitals with a catchment area population of 378670 (1971) . Owing to a rapidly increasing workload a Technicon SMA 8 plus" system was purchased. Two of the analyses included in this machine's profile are total protein and albumin. Previously total protein was estimated by a manual biuret procedure based on that of Weichselbaum (1946) and serum albumin by electrophoresis on cellulose acetate membrane and scanning (Kohn, 1968) . The problem now posed was that if less sera were to be electrophoresed to assay albumin levels would many abnormal proteins be missed? A retrospective study was therefore carried out to assess the yield produced by the laboratory practice in the previous 17 months. 
RESULTS AND DISCUSSION
During a period of 17 months 8115 sera were electrophoresed on cellulose acetate. Of these 234
(2.86 %) were found to have an additional narrow band. These specimens were designated abnormal and immunochemical studies initiated. Other electrophoretic abnormalities-for example, raised Or:1 and Or:2 globulins, nephrotic pattern, cirrhotic pattern, etc., were not included as abnormal for the purpose of this study. The data are shown in Table 2 , which includes repeats, since yield should be related to work done. It is apparent that the majority of the qualitative studies were clinician initiated, whereas most of the combined quantitative and qualitative investigations were instigated by the laboratory staff.
noted any abnormality on these strips such speci- Table 3 . The yield from immunoelectrophoresis. mens would then be studied further by the scheme outlined. The results of the qualitative studies are shown in Table 3 . Although all these specimens were considered abnormal either on cellulose acetate electrophoresis or by the clinician making the request, 33.4 % appeared normal on immunoelectrophoresis.
A further 43.6% were considered abnormal, but not to be due to myeloma, and the remaining 23.0% were myeloma. Thus 0.75 % of all specimens examined were myeloma and 75 % of laboratory-initiated studies showed some immunoglobulin abnormality. Of the 115 abnormal results (excluding myeloma) 24 were repeats-that is to say, there was a repeat rate of 10.3 % of laboratory-initiated requests.
The source of the 'clinician initiated' quantitative immunoglobulin assays is shown in table 4. The disease spectrum and results of the specimens received from the Devonshire Royal Hospital will be discussed later as a separate group. It can be seen that the visual detection of an abnormal band merely points to the need for further investigation. The magnitude of the band does not always provide the answer, since there is overlap between myeloma and non-myeloma bands ( fig. 5 ). Although bands of over 2 g/IOO ml were always associated with myeloma, the non-myeloma levels could reach 1.8 g/IOO ml. In this series, the majority of abnormal bands produced by IgA or IgM were 26.2 % would have been passed as normal, including the most severe myeloma detected where the A/G ratio was 2: lowing to the low levels of immunoglobulins. The most important diagnostic feature in the cases of myeloma was the presence of an abnormal band in serum electrophoresed on cellulose acetate. One case found had no band but all the rest were first detected by this feature. The quantitation of this band was by densitometry (Kohn, 1968) using a Joyce-Loeble Chromoscan. It must be emphasised, however, that not all the patients with abnormal bands had myeloma. The relative occurrence and the migration characteristics of the abnormal bands are shown in fig. 3 , the myeloma type found at different positions is shown in fig. 4 . not automatically equate an abnormal band with myeloma since it is well documented (Heremans and Masson, 1973, Hobbs, 1966a) that 'false' abnormal bands can be found in old sera, haemolysed specimens, or as a transient response to infection.
If an abnormal immunoglobulin was detected the clinician was requested to send a 24-hr collection of urine for assay of Bence-Jones protein and to repeat the serum protein investigations at four week intervals. The urines were assayed quantitatively for total protein content by the method of King and Haslewood (1936) and qualitatively by layering over concentrated HCl (Hobbs, 1966b) . After concentration x 300 the urine was then immunoelectrophoresed against antisera for L-chain type K and L (rabbit), and free K-chain and free A-chain (goat).
It has proved difficult to obtain specimens of urine for examination. In contrast to the 264 abnormal serum specimens referred for immunochemistry only 60 urines were investigated, of these, six (10%) had II:positive HCl test. Fifteen urines from cases of myeloma yielded two with a positive screening test (13 %), but only one case (1.7%) had immunoelectrophoretic evidence of free light chains ("-type) in the urine. It would appear that the screening test was not producing any false negative results but that in our experience the occurrence of free light chains in the urine was much less than the 73 % described by Hobbs (1967) , and more of the order described by Snapper and Kahn (1971) . Since Bence-Jones protein can rapidly disappear from the urine of patients treated for myeloma, it is possible that this may be a factor in the low detection rate observed. In the non-myeloma cases investigated, although negative screening tests were obtained the concentrated urine not infrequently reacted against both free K and A light chain antisera, confirming their presence in normal urine (Berggard and Edelman, 1963) .
The data were also examined to establish criteria that might be of use to detect cases of myeloma where the request for protein analysis was not initiated by the clinician, since this might be necessary where biochemical profiles are done as a routine. As the profile includes total protein and albumin these results were assessed in the cases of confirmed myeloma. The serum total protein levels ( fig. 1 ) showed a skew distribution biased to a low normal. Although two cases had total proteins of 11.0 and 13.0 g/l00 ml there were other results below 6.0 g/l00 ml. The distribution of the albumin/globulin (A/G) ratio is shown in fig. 2 . An acceptable normal range is 1.1-1.8 (Tietz, 1970) and of the 61 specimens, 15 (24.6%) were within this range, 16 (26.2%) were above the lower limit of normal, and 45 (73.8 %) were below the normal range. Thus the A/G ratio is an unacceptable procedure for screening, since ;.
.. c .8 e ::s Z During the quantitat ion of immunoglobulins by single radial diffusion it was noted that occasional samples gave a double ring ( fig. 6a and b) . We have found this phenomenon to occur with Tri-Partigen plates for IgA, IgG, and IgM. A similar finding on immunoelectrophoresis (Waller and Hoffman, 1971) has been related to specific batches of polyvalent horse serum. This has not been our experience with immunodiffusion. An attempt to quantitate the two zones by direct measurement has proved unsuccessful and is possibly further evidence of abnormal binding sites in the abnormal protein. Studies of this phenomenon by Mulder and Verhaar (1973) relate the findings with IgG to a deficiency of specific antibody determinants to the Fd fragment of the monoclonal proteins. In the case ofIgG all our double zones have occurred in patients later found to have myeloma. In one case the double zone regressed to a single zone with therapy as has been described by Mulder and Verhaar (1973) .
Tri-Partigen plates for IgA have produced double zones in patients with no other evidence of specific protein abnormalities. One male patient attending a well-geriatric screening clinic developed a double zone, due to IgA K, seven months before an abnormal band appeared in the f1 zone on cellulose acetate electrophoresis. His diagnosis was confirmed as myeloma by bone marrow aspiration.
Occasional double zones have occurred with IgM, later to be confirmed as monoclonal gammopathies. Other examples, however, with slightly different appearances ( fig. 6b ) have been associated with patients suffering from rheumatoid arthritis who had positive latex tests for rheumatoid factor.
Immunoglobulin levels in a geriatric population are included in the routine work load. The levels for apparently normal subjects between the ages of 60 and 90 years are shown in Table 6 . In contrast to other workers (Haferkamp, Schlettwein-Gsell, Schwick, and Storiko, 1966) the levels obtained are within those generally accepted for adults (Storiko, 1968) and show no trends with increasing age.
As noted earlier the specimens received from the Devonshire Royal Hospital are different in nature owing to the special interest of that hospital in rheumatic diseases. The results were analysed to compare immunoglobulin levels in patients with sero-positive arthritis, sero-negative, and a miscellaneous group including disorders such as prolapsed intervertebral disc, gout, or psoriatic arthropathy ( fig. 7a, b, and c) . The results show a difference in pattern between males and females. In summary sero-positive male patients show an increase in all three immunoglobulins, whereas the female seropositive patients show only an increase in IgA, which supports the work of Bogdanikowa and Bemacka, 1968) , and Claman and Merrill (1966) . Paradoxically, as a group, the sero-negative female patients have higher levels of IgM. In this study it has not been possible to assess immunoglobulin levels with respect to 'activity' of the disease process but we would agree with Clausen, Raaschou, and Sorensen (1968) that the determination of the specific patterns are not very helpful in rheumatoid arthritis.
CONCLUSION
The results presented show that immunochemical studies have an important part to play in a nonteaching hospital and emphasise the problems of both identifying myeloma and of classifying them as either benign or malignant. This procedure is not available in many laboratories and may indicate that patients with benign myeloma are being treated with cytotoxic drugs. Our own experience reinforces the view of others (Dalziel, 1971; Laurell, 1973) that the best preliminary screen is to look at the pattern on electrophoresis of serum on cellulose acetate membrane, although even this is not infallible. Unlike Werner, Brooks, and Cohnen (1972) we would recommend that further study by immunochemical techniques will then provide additional, clinically useful informations.
We wish to thank Mr. S. Baker and Miss J. Taylor of the Medical Illustration Department of Wythenshawe Hospital, Manchester, for their assistance with the illustration.
